INTRODUCTION
The usage and consumption of marine invertebrates is very high in Japan, compared with that in other countries. The Japanese often prefer raw fish and shellfish to cooked seafood, thus texture is an important factor in the consumer's acceptance. However, the Japanese also consume shellfish prepared by a variety of cooking methods, such as in boiled, grilled and fried dishes. Whereas the abalone Haliotis discus has a tough texture when eaten raw, which is closely correlated to its collagen content, 1 cooked abalone muscle is tender because of denaturation of collagens. 2 Chemical analyses have revealed that the amounts of AMP and free amino acids in the abalone muscle increased after cooking for 15 min, while that of oligopeptide-bound amino acids increased after cooking for 180 min. 2 Concomitantly, the sensory test demonstrated that the characteristic abalone taste and odor became stronger as the cooking time increased.
polypropylene bags and stored at -40°C for 48 h. Each of the samples given the above-mentioned different treatments was subjected to the following analyses and the whole sample was used for weight change, color measurement and sensory evaluation. The middle part of the samples was used for textural property evaluation, ATP and related compound evaluation and free amino acids and oligopeptides evaluation. The weighed samples were subsequently subjected to color measurement. However, new samples were prepared for the each of the other experiments. Results were expressed as mean ± SD. Each value is the mean of three replicates and the data obtained were treated statistically by analysis of variance.
Weight changes
Each of three raw and cooked samples were weighed at the time of sample preparation and during storage. Frozen samples were thawed on ice and then weighed.
Color measurement
Japanese cockle foot was measured for the L* value (visual lightness) according to the Hunter scale with a color difference meter model CR-101 (Minolta Co., Osaka, Japan). Three each of raw and cooked samples were measured on their surface and five determinations were recorded for each sample (Fig. 1 ).
Textural properties
Samples were trimmed into 1 cm ¥ 3 cm and were measured for shear force with a Warner-Blatzler Japanese cockle foot samples were subjected to storage at 4°C for 10 days and the changes in taste and textural properties were compared to those cooked immediately after shelling live specimens.
MATERIALS AND METHODS

Materials
Live Japanese cockle specimens (53.5 ± 13.6 g in total weight, 6.5 ± 0.5 cm in shell length), harvested in Mikawa Bay, Aichi Prefecture were purchased at the Tokyo Wholesale Market from May to July in 1999 and from April to July in 2000. The foot part was dissected after shelling and cut open horizontally from one side of the edge (Fig. 1) . The weight, the length and the width of raw samples were 4.5 ± 1.5 g, 7.3 ± 0.6 cm, and 3.3 ± 0.6 cm, respectively. The range of the thickness in the raw samples was 1.9-5.3 mm (3.5 ± 1.1 mm, mean ± SD), although both sides that cut open horizontally were almost the same thickness. After the visceral part was removed, most of the muscle part was used as raw samples. Raw samples were cooked at 85°C for 15 s in 60 volumes of 5% acetic acid in the same manner as for commercially available frozen cooked products, and used as cooked samples. Both raw and cooked samples were placed in plastic airtight containers (220 ¥ 290 ¥ 40 mm, 2.4 L) with a plastic draining tray and stored at 4°C for 10 days. Subsequent analytical experiments were performed at the time of sample preparation (day 0) and after storage for 1, 3, 5, 7 and 10 days (Fig. 2) . Alternatively, both raw and cooked samples put on the draining tray were sealed in Meat Shear Tester model 3000 (Zenken Co., Tokyo, Japan) and samples of 0.5 cm ¥ 3 cm sections were measured for tensile strength and tensile strain with a Rheometer RE-3305 (Yamaden Co., Tokyo, Japan) as shown in Fig. 1 . In the tensile test, both ends of the sample were prefixed on the rheometer and the sample was constantly extended from a starting length of 1 cm at a rate of 1.0 mm/s. The tensile strength and tensile strain were determined as the values of the breaking strength divided by the cross-sectional area of the sample and the deformation length divided by the original sample length, respectively.
ATP and related compounds
Japanese cockle foot (2 g) was homogenized with 4 mL of 10% cold perchloric acid (PCA) using a polytron homogenizer (KINEMATICA Co., Switzerland) and centrifuged at 9000 ¥g for 10 min. The precipitate was homogenized in 4 mL of 5% cold PCA and centrifuged again. These two supernatants were combined and neutralized with KOH solution. ATP and related compounds, namely ATP, ADP, AMP, inosine monophosphate (IMP), adenosine (AdR), inosine (HxR) and hypoxanthine (Hx), were determined with a high-performance liquid chromatograph (HPLC) LC-10 A (Shimadzu Co., Kyoto, Japan). Samples were applied to a HPLC column Asahi-pak GS-320HQ (7.6 mm ¥ 250 mm; Showadenko Co., Tokyo, Japan) equilibrated with 0.2 M sodium phosphate (pH 3.0) and monitored at 260 nm. The K¢ value was calculated from the contents of ATP and related compounds from the following equation as reported previously:
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Free amino acids and oligopeptides
Japanese cockle foot (2 g) was homogenized with 4 mL of 10% cold trichloroacetic acid (TCA) using the polytron homogenizer and centrifuged at 9000 ¥g for 10 min. The precipitate was homogenized in 4 mL of 5% cold TCA and centrifuged. The combined supernatants were diluted with distilled water to 25 mL for free amino acid analysis, which was performed with a high-speed amino acid analyzer model 835S (Hitachi Co., Tokyo, Japan). The TCA extract was hydrolyzed in 6 N HCl at 110°C for 24 h and subjected to amino acid analysis. The contents of amino acids in HCl hydrolysates were subtracted by those of free amino acids and the
IMP HxR Hx ATP ADP AMP IMP HxR Hx 100 resulting differences were regarded as the contents of oligopeptide-bound amino acids.
Sensory evaluation
Raw and cooked samples at the time of sample preparation were subjected to sensory evaluation. Using one of the samples as a reference, panel members judged the other sample on a scale of -3 to +3 by the seven-scaled paired comparison test. 5 They had no information about the samples subjected. The panel members were asked their evaluation in appearance and odor before eating, and that in flavor and texture after eating. The panel board was composed of 21 female students and laboratory staff (21-58 years old) of the Cookery Science Laboratory in Ochanomizu University.
RESULTS AND DISCUSSION
Changes in physical properties by cooking and freezing
The changes in physical properties of Japanese cockle foot by cooking and freezing treatments are shown in Table 1 . Japanese cockle foot decreased in weight by cooking to 73% of the original weight. The weight of frozen samples without cooking decreased to 74% of the original, probably due to formation of drip during thawing. The weight of frozen samples previously cooked (cooked/frozen) was 69 and 95% of the original and of unfrozen cooked samples, respectively. The L* value in the Hunter scale reflecting whiteness was not different between raw and cooked samples at the time of sample preparation. The L* value was higher in the frozen and thawed raw (raw/frozen) than in the original raw samples, revealing discoloration of the foot surface in raw/frozen samples. The pigment expressing purple-gray color was peeling off raw/frozen samples. In contrast, cooked samples maintained original the purple-gray color even after freezing. The tensile strength of cooked samples was significantly higher than that of raw samples, probably due to shrinkage of Japanese cockle foot by cooking. Although the tensile strength of cooked samples did not decrease even after freezing, that of raw/frozen was significantly lower than before freezing. The changes in tensile strain were not obvious by cooking and freezing. Shear forces for both raw/frozen and cooked/frozen were significantly lower than those before freezing. This indicates that the firmness of Japanese cockle foot is decreased by freezing.
than that in raw samples. It has been reported that ATP degradation by myofibrillar ATPase in the progression of rigor-mortis was accelerated when carp muscle slices were subjected to arai treatment (washing) at 49°C for 15 s. 6 Furthermore, it has been noted that ATP rapidly decreased when accompanied by AMP accumulation at 50°C when kuruma prawn muscles were washed in water at temperatures of 0-80°C for 30 s. 7 In kuruma prawn samples treated at temperatures of 60-80°C, ATP decreased to 40% of raw samples and the contents of ATP, ADP and AMP reached more than 90% of the total ATP and related compounds. These profiles in kuruma prawn for ATP degradation were similar to those of cooked samples in the present study.
Changes in free amino acids and oligopeptides by cooking Table 3 shows the contents of free amino acids in raw and cooked samples of Japanese cockle foot. Glycine, arginine and taurine were major free amino acids and accounted for more than 90% of the total free amino acids in both raw and cooked samples. Glutamic acid and alanine were also abundant in both samples. The levels of total and respective free amino acids in cooked foot were approximately 70% of that in raw samples. These differences between raw and cooked samples were also observed in the contents of ATP and related compounds as mentioned above, which are probably derived from leaching out of these compounds into the cooking water. Whereas the amino acid composition of our Japanese cockle was similar to that of other shellfish muscles reported previously, 8 the total content of free amino acids in raw Japanese cockle foot, 110 mM/g, was much lower than that in other shellfish such as ark-shell (190 mM/g), oyster (260 mM/g), scallop (420 mM/g), and hard clam (235 mM/g).
The contents of oligopeptide-bound amino acids in raw and cooked Japanese cockle foot are shown in Table 4 . Glycine was the most abundant However, the shear force for raw/frozen was the lowest in these samples, as in the case of tensile strength and tensile strain. As the quality of raw/frozen Japanese cockle samples was scored very low in terms of textural properties and appearance, further analysis on the effects of cold storage was omitted for these samples.
Changes in ATP and related compounds by cooking
The contents of ATP and related compounds in raw and cooked samples of Japanese cockle foot are shown in Table 2 . The level of ATP was the highest (5.41 ± 1.51 mM/g) in raw samples, accounting for 62% of the total ATP and related compounds, followed by ADP and AMP at 1.66 ± 0.64 and 1.30 ± 0.36 mM/g, respectively. In contrast, the total content of ATP and related compounds in cooked samples was 72% of that in raw foot. The level of ADP at 2.60 ± 0.57 mM/g in cooked foot accounted for 41% of the total ATP and related compounds in cooked foot, whereas the level of ATP was comparable (2.26 ± 1.17 mM/g). Although small quantities of IMP, HxR, and Hx were detected in both raw and cooked samples, AdR was not detected. The level of ATP in cooked samples was significantly lower Different small characters within the same row indicate significant differences (P < 0.05). An asterisk shown at the cooked sample indicates significant difference from the raw sample (P < 0.01).
Hx, hypoxanthine; HxR, inosine; IMP, inosine monophosphate.
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oligopeptide-bound amino acid, accounting for 71 and 68% of the total oligopeptide-bound amino acids in raw and cooked samples, respectively. It has been reported that glycine appearing in the fish muscle extracts during acid hydrolysis is derived not from peptides but from purine nucleotides and their related compounds, such as ATP, AMP, IMP, HxR and Hx. 9 It seems that a major part of glycine determined as the oligopeptide-bound amino acids in raw and cooked Japanese cockle foot is mainly derived from ATP and related compounds. Arginine was a dominant oligopeptidebound amino acid in raw and cooked samples in addition to glycine, accounting for 10 and 26% of the total, respectively. The level of arginine in cooked samples was significantly higher than in raw samples. The total content of oligopeptidebound amino acids in cooked samples was twice as high as that of raw samples, while it was markedly influenced by the levels of both glycine and arginine, probably due to the progress of proteolysis during cooking.
Changes in physical properties during storage
Changes in physical properties of raw and cooked samples during storage at 4°C are shown in Table  5 . The weight gradually decreased during storage for both raw and cooked samples, reaching 88 and 87% after 10 days, respectively. The L* value of cooked samples remained almost constant during storage, while that of raw samples was significantly increased and lost the purple-gray color. The pigment on the surface of raw foot was peeling off after storage for 3 days. However, cooked samples were considered to be available for eating after storage for 7 days, judging from their appearance. Both the tensile strength and tensile strain of cooked samples were significantly higher than those of raw samples at any period during storage. However, changes in the tensile strength and tensile strain during storage were not significant for both raw and cooked samples.
Changes in ATP and related compounds during storage
Changes in the contents of ATP and related compounds in raw Japanese cockle foot during storage are shown in Fig. 3 . The level of ATP was constant at approximately 5 mM/g during storage for 3 days and decreased thereafter (Fig. 3a) . Whereas ADP decreased gradually during storage, AMP remained almost constant during storage for 5 days. HxR and Hx gradually increased during storage of 3 days and increased rapidly after 5 days. Although AMP accumulated in Japanese cockle foot as well as in other shellfish, 4, 10, 11 there was no accumulation of IMP in the former. The K¢ values of raw samples were calculated from the levels of ATP and related compounds as the freshness index commonly adapted to shellfish (Fig. 3b) . They were 18, 42 and Table 3 Contents of free amino acids in raw and cooked Japanese cockle foot (n = 3) sidered at the initial decomposition stage after storage at 4°C for 7 days when the K¢ value was 42% and comparable to 35% in ark-shell after storage at 5°C for 7 days. 4 The total content of ATP and related compounds decreased after 5 days of storage when the K¢ value rapidly increased, although differences in the total content were not significant statistically during storage. This might be due to further degradation of Hx to xanthine by bacterial enzymes as reported in oyster adductor muscle. 12 Adenosine was not contained in raw samples during cold storage. AMP is decomposed to Hx through two pathways in marine invertebrates and thus converted into both IMP and AdR. [11] [12] [13] [14] [15] However, Ketut Suwetja et al. 16 reported that AdR was not detected during cold storage in the muscles of nine molluscan species including clam and top shell, revealing that AMP is degradated only to IMP in these molluscan species. Table 6 shows the results of the sensory evaluation for cooked samples expressed on a scale of seven from -3 to + 3 using raw samples as a reference. Cooked samples were stronger in purple-gray color (P < 0.05) and weaker in transparency (P < 0.001) than raw samples. Raw samples were stronger in fishy odor than cooked samples before and after eating, although there were no significant differences in umami and sweet taste between raw and cooked samples. As for the textural properties, there were no significant differences in shortness (easy to bite) and elasticity between raw and cooked samples, which might be due to an unusually strong chewiness for both raw and cooked samples. However, raw samples were stronger in viscous texture than cooked samples (P < 0.01). 62% after storage for 5, 7 and 10 days, respectively, showing rapid increase after storage for 5 days. The K¢ values at the initial decomposition stage for oyster, ark-shell, hard clam, and abalone muscles have been reported to be 80, 35, 20 and 15%, respectively. 4 The initial decomposition was recognized during storage at 5°C after 7 days in oyster, ark-shell and hard clam, and after 10 days in abalone. 4 Raw Japanese cockle samples were con- Different small characters within the same row indicate significant differences (P < 0.05). Asterisks shown at the cooked sample indicate significant differences from the raw sample during storage (P < 0.05).
Sensory evaluation
-, No data. Although the levels of amino acids, AMP and IMP in raw samples were higher than in cooked samples, the strong fishy odor in the former might be influenced by the discrimination of taste.
In conclusion, raw Japanese cockle foot decreased in weight and increased in toughness by cooking. The levels of AMP and free amino acids were higher in raw than in cooked samples, although raw samples were stronger in fishy odor and viscous texture than cooked samples by sensory evaluation. Freezing treatment was inappropriate for raw samples in terms of the discoloration of the foot surface and the decrease in toughness. While weight loss was observed in both raw and cooked samples during cold storage for 10 days, cooked samples maintained their appearance and toughness. Further detailed investigations concerned with identification of the pigment expressing purple-gray color and the mechanism involved in discoloration during storage of raw samples are required. Using raw samples as the reference, panelists evaluated the difference of cooked samples with a scale of -3 to +3 *P < 0.05, **P < 0.01, ***P < 0.001 and no significance (n.s).
